ABSTRACT The biology of Episimus utilis Zimmerman, a natural enemy of Brazilian peppertree, Schinus terebinthifolius Raddi, was investigated in a quarantine laboratory as part of a classical biological control program against this invasive weed in Florida. Adults lived on average 6.8 Ϯ 0.8 d, and a generation was completed in 43.6 d at a temperature of 22.0ЊC and a photoperiod of 12:12 (L:D) h. Peak egg production occurred 2 d after females eclosed from the pupal stage. Females deposited a maximum of 172 eggs, with an average daily maximum of 13.6 eggs. The durations of the egg, larval, and pupal stages were 5.9, 23.7 (Þve instars), and 12.0 d, respectively. Stage-speciÞc life tables were constructed to calculate basic population statistics. Under laboratory conditions where predation and food supply were not limiting factors, a population of E. utilis was capable of multiplying its population by 1.17 times per day, and a doubling of the population would occur every 4.4 d. To date, 10 consecutive generations of E. utilis have been produced on potted Brazil peppertree plants in the laboratory. The potential effectiveness of E. utilis as a biological control agent of Brazilian peppertree in Florida was examined using GoedenÕs revision of the Harris scoring system.
BRAZILIAN PEPPERTREE, Schinus terebinthifolius Raddi (Anacardiaceae), is an evergreen shrub or small tree native to Argentina, Paraguay, and Brazil and is considered an invasive weed in at least 20 countries throughout subtropical regions worldwide (Ewel et al. 1982) . Introduced into Florida as a landscape ornamental in the late 19th century (Morton 1978) , the popularity of Brazilian peppertree as an ornamental plant can be attributed to the numerous bright red drupes produced during the holiday season in the northern hemisphere (OctoberÐDecember). Brazilian peppertree now dominates entire ecosystems in Florida (Austin 1978, Loope and Dunevitz 1981) , and its invasive potential has been documented in California (Randall 2000) as well as Hawaii (Hosaka and Thistle 1954 , Yoshioka and Markin 1991 , Hight et al. 2003 . The plant readily invades disturbed sites as well as natural communities where it forms dense thickets that completely shade out and displace native vegetation.
Brazilian peppertree is considered one of the most widespread of FloridaÕs invasive terrestrial weeds (Schmitz 1994) . It is widely naturalized in protected areas of central and southern Florida due to its sensitivity to cold temperatures, but it occurs farther north along the coastal regions where temperature ßuctuations are less extreme (Langeland 2001) . The distribution of Brazilian peppertree in Florida currently extends from the Keys to Duval County on the east coast and to Cedar Key on the west coast (Wunderlin and Hansen 2000) . Recent estimates based on aerial surveys indicate that Ϸ4,000 km 2 of all terrestrial ecosystems in central and southern Florida have been invaded by Brazilian peppertree (Ferriter 1997) .
In Florida, Brazilian peppertree is recognized as one of the most important threats to biodiversity because it disrupts native plant and animal communities (Ferriter 1997) , and it is a major invader of the Everglades National Park (Ewel et al. 1982) . Birds occasionally become intoxicated after ingestion of the drupes (or fruits) that remain on the trees for several months (Campello and Marsaioli 1974) . Furthermore, Brazilian peppertree can be toxic and allergenic to sensitive humans. Volatiles produced by the ßowers may cause sinus and nasal congestion, and direct contact with the plantÕs sap can irritate the skin in susceptible individuals, causing allergic reactions similar to poison ivy, Toxicodendron radicans (L.) Kuntze, a well known native member of the Anacardiaceae.
The absence of host-speciÞc herbivorous arthropods and diseases attacking Brazilian peppertree in Hawaii led to Þrst the attempt at classical biological control of this invasive weed in the 1950s (Krauss 1963 , Yoshioka and Markin 1991 , Julien and GrifÞths 1998 . Three insects were eventually imported into Hawaii for Þnal screening to ensure they were safe to introduce, but only two succeeded in establishing persistent populations after release from quarantine (Yoshioka and Markin 1991, Julien and GrifÞths 1998) . One of these was a tortricid moth of the genus Episimus Walsingham (Krauss 1963) . The genus Episimus includes 32 New World species of mostly tropical leafrolling moths (Zimmerman 1978 , Heppner 1994 . Nine species in the genus are native to the continental United States (including Florida) and range as far north as Canada (Heppner 1994) .
Episimus sp. was Þrst released in Hawaii for biological control of Brazilian peppertree in 1954 (Krauss 1963) . A formal description of the insect, Episimus utilis n. sp., is provided by Zimmerman (1978) and includes detailed photographs of the male and female as well as larval and pupal characteristics. Yoshioka and Markin (1991) reported that the larvae of E. utilis are leafrollers that feed on Brazilian peppertree leaflets for 30 Ð 45 d and complete their development inside a single rolled leaßet.
Episimus utilis is the only representative of the genus in Hawaii (Zimmerman 1978) . This leafrolling tortricid is widely distributed on the islands of Kauai, Oahu, Molokai, Maui, and Hawaii (Zimmerman 1978) , but it apparently causes only minor damage to Brazilian peppertree (Bennett et al. 1990 , Yoshioka and Markin 1991 , Habeck et al. 1994 .
Before 1988, Brazilian peppertree was free from attack by specialized natural enemies in Florida (Cassani 1986 , Cassani et al. 1989 . In 1988, the adventive seed-feeding chalcid Megastigmus transvaalensis Hussey (Hymenoptera: Torymidae), a recent immigrant from South Africa, was Þrst recovered from Brazilian peppertree drupes in Palm Beach County . Since then, M. transvaalensis has contributed to the destruction of a substantial portion of the annual Brazilian peppertree seed crop throughout peninsular Florida (Wheeler et al. 2001 , Cuda et al. 2002 .
As part of an ongoing classical biological control program for Brazilian peppertree in Florida, several candidate insects from the plantÕs native range were imported into quarantine for host range testing to complement the seed mortality credited to the adventive M. transvaalensis (Habeck et al. 1994 , Cuda et al. 1999 . One of these natural enemies is the tortricid E. utilis. In the process of establishing a laboratory colony for subsequent host speciÞcity studies, we discovered there were no published reports on the insectÕs biology, and therefore a thorough investigation was warranted.
We report here the results of quarantine studies on the biology and laboratory rearing of E. utilis and assess its potential as a classical biological control agent for Brazilian peppertree in Florida.
Materials and Methods
Field Collections. The source of the insects used in this study came from material collected from March 1999 to May 2003 in the vicinity of Curitiba located in the Parana province of southern Brazil, although collections of E. utilis were made beginning in 1987 (Table 1) . Brazilian peppertrees were surveyed at various locations and visually examined for the presence of leaßets exhibiting the characteristic "rolled" appearance caused by the larval feeding activity of E. utilis. All leaßets with evidence of feeding damage were securely packed inside a sealed cardboard box that was hand carried under an Animal and Plant Health Inspection ServiceÐPlant Protection and Quarantine permit to the Florida Department of Agriculture and Consumer Services, Division of Plant Industry Biological Control Laboratory, Gainesville, FL. Under maximum security, each damaged leaßet was examined for the presence of larvae and pupae. Individual leaßets containing live insects were placed into separate 30-ml (1-oz) clear plastic diet cups along with a moistened 3.5-cm Þlter paper disk. Each diet cup was capped with a paper lid, which in turn was covered with a plastic lid to create a tight seal to prevent desiccation. The diet cups were checked daily for emergence of adult moths and parasitoids. Parasitoids and host remains were preserved in 70% isopropyl alcohol and submitted to the Florida State Collection of Arthropods, Gainesville, FL, or the USDA Systematic Entomology Laboratory, Beltsville, MD, for subsequent identiÞcation.
Laboratory Colony. Newly emerged moths were used to establish a laboratory colony of E. utilis for biological and host range studies. Adults are dimorphic (see Fig. 2 ) and were sexed by examining the hind margin of the forewing (Zimmerman 1978) . Seven adults (three males and four females) of E. utilis were caged on individual Brazilian peppertree plants grown in black plastic 2-gal nursery pots (20 cm in height by 22.5 cm in diameter). The plants were sprayed once with the fungicide Benlate SP (0.002 g mixed in 0.946 liters [1 qt] of water) to prevent fungal infections in the larvae destined to hatch from eggs deposited by the females. Clear acrylic cylinders (14 cm in diameter by 61 cm in height) were placed over the plants to prevent the adults from escaping. The top and the six circular ventilation holes (each 6.5 cm in diameter) of the cylinder were covered with Nitex ᭨ nylon screen (Ϸ0.25-mm mesh). Two #5 rubber stoppers, one at 7 cm above the soil and one at 48 cm, were used to plug two additional access holes (3 cm in diameter). Each cage also was provided with a liquid feeder when adults were present, which consisted of a 3 or 4 dram glass vial containing a 4-or 5-cm section of dental wick and Gatorade ᭨ as a nectar source for the adults. The feeder was hung with a wire tie from the upper access hole. Previous studies (Cuda et al. 1990 , C.G.M., unpublished thesis) have shown that Gatorade ᭨ tended to prolong the life span of the adults and increase egg production in the females. The plants were watered periodically and the Gatorade ᭨ feeders changed as needed. When 90 Ð100% leaf damage was observed in any of the cages, the larvae and associated plant material were transferred to a new plant previously sprayed with fungicide. Seven to 15 of these oviposition and larval rearing cages were maintained depending upon space availability in the quarantine laboratory. Environmental conditions for maintaining the colony of E. utilis were the same as those used to investigate the biology of the insect (see below). The temperature ranged from 20 to 25ЊC and relative humidity was 50 Ð 80% inside the quarantine facility. A photoperiod of 12:12 (L:D) h was maintained with two 61 cm (2-foot), 20-W ßuorescent bulbs (one standard and one Grolite ᭨ ) from a light Þxture attached to the underside of each shelf of a wire shelf truck (91 by 46 by 188 cm) by using a programmable timer. The average temperature and relative humidity recorded inside a colony cage with a Thermo-Hygro ᭨ digital maximum-minimum temperature and relative humidity instrument was 22.5 Ϯ 2.0ЊC and 75.0 Ϯ 5.0%, respectively (n ϭ 10).
Approximately half of the colony cages were kept on wire shelf trucks in the environmentally controlled rearing room, and the remainder on benches in a glasshouse attached to the quarantine facility. The rationale for separating some of the cages was to ensure the colony survived when occasional power outages produced temperature extremes between 16 and 32ЊC inside the glasshouse.
Oviposition and Embryogensis. The adults used to measure female fecundity and egg development were obtained as pupae from the laboratory colony. Male and female pupae were separated by examination of the posterior margin of the fourth abdominal sternite. In most tortricids, the posterior margin is straight and deep in male pupae; in females, it is pointed and shallow (VanderGeest and Evenhuis 1991). After sexing, a single male and female pupa were placed together in an open 30-ml plastic diet cup inside each of four clear, plastic, rectangular oviposition containers (12.6 by 8.9 by 7.0 cm). Each 8.9-cm side of the container had a hole (3.5 cm in diameter) cut in the middle that was covered with a Þne organdy cloth for ventilation. Another hole plugged with a #6 rubber stopper provided an access point. The bottom of each cage was lined with Þlter paper. Another 30-ml plastic diet cup Þlled with distilled or deionized water was placed in the center of each cage. The top of the cup was covered with a plastic lid that had a small hole punched in the middle through which a Brazilian peppertree rachis protruded that was stripped to one leaßet. A vial containing Gatorade ᭨ and a cotton wick also were added to each cage as a nectar source for the adults. Small pieces of white cloth tape (5 by 5 mm) were used to mark the locations of all eggs deposited by the female. The tape was labeled with the date the egg was deposited to monitor embryogenesis. The oviposition containers were placed on one of the shelves of a wire shelf truck in the environmentally controlled rearing room.
The Brazilian peppertree leaßets and Gatorade ᭨ vials were changed daily. Dead pupae were replaced with live ones of the appropriate sex; and the cups with pupal exuviae were removed. An effort was made to match pupal ages to synchronize eclosion of males and females in the same cage. To ensure mating success, each female (n ϭ 5) was exposed to at least one male for one of more days. The following data were recorded: 1) percentage of adult eclosion from the male and female pupae, 2) longevity of male and female adults, and 3) number of eggs and neonate larvae produced per female. Population Statistics. Three replicate life tables were constructed to determine age-speciÞc survival of the immatures (l x ) and fertility (m x ) for E. utilis according to the methods summarized by Southwood and Henderson (2000) . A summary life table was then generated by averaging the results obtained in each replicate life table. The summary life table was used to calculate basic population statistics such as net reproductive rate (R o ), capacity for increase (r c ), and cohort generation time (T c ) (Laughlin 1965 , Bengstron 1969 and to plot a composite survivorship curve and population growth curve. Life tables (individual and summary) are available on request.
Data for each replicate age-speciÞc survival and fertility life tables were obtained by monitoring the fate of egg cohorts attached to pieces of paper, plastic, or Brazilian peppertree leaßets. Life tables were based on actual cohort sizes of 20, 26, and 100 eggs, respectively. Individual eggs were transferred to a 30-ml plastic diet cups containing a damp piece of Þlter paper (30 mm in diameter) for moisture retention and a fresh Brazilian peppertree leaßet as food source. The cups were Þtted with a paper lid secured with a plastic lid with 10 Ð15 pinholes for ventilation. The cups were examined daily to monitor larval eclosion and development until pupation. A dissecting microscope was used to measure larval head capsule widths to determine the number of instars and pupal lengths. During the examination, larval frass was removed from each cup, paper disks were remoistened, and Brazilian peppertree leaßets were replaced as needed.
Fecundity data obtained from the oviposition study were used to estimate the daily and total number of female eggs produced per female per day (m x ) in the age-speciÞc fertility tables. Effective cohort size was used to estimate the initial numbers of eggs per cohort corrected for experimental error in each life table. For each life table, the number of insects accidentally killed or escaped during daily examination was subtracted from the actual cohort size to yield a corrected total. Egg survival data (% hatch) was obtained from the oviposition study by observing each egg until larval eclosion. The corrected totals were calculated in each life table and then multiplied by the reciprocal of the egg-hatching rate to yield the Þnal effective cohort size.
The Goeden (1983) revision of the Harris scoring system was used to assess the potential effectiveness of E. utilis as a biological control agent of Brazilian peppertree if it were approved for release in Florida.
Unless indicated otherwise, all quantitative results are reported as the mean Ϯ SEM.
Results and Discussion
Distribution and Parasitism. From 1987 From to 2003 sites were surveyed in southeastern Brazil and Hawaii for E. utilis (Table 1 ). In total, 5,683 insects (larvae and pupae) were collected and imported into the Florida quarantine laboratory. More than half of the collections (56%) were made in the vicinity of Curitiba located in the state of Parana. From 1996 to 1998, all attempts to establish a laboratory colony of E. utilis for biological and host range studies in quarantine failed. Successful establishment of the laboratory colony Þ-nally occurred in 1999. After the colony was established, additional collections in Brazil were made periodically to maintain genetic diversity.
Natural enemies, especially hymenopterous parasitoids, may be important in regulating populations of E. utilis in southeastern Brazil. This could explain why the insect is not more damaging in its native range. Krauss (1963) reported that E. utilis is attacked in Brazil by Bracon sp. as well as an undescribed species of Apanteles. In this study, Þeld-collected larvae of E. utilis often were parasitized by Apanteles sp. and Cotesia sp. (Hymenoptera: Braconidae) as well as Pristomerus sp. and Xiphosomella sp. (Hymenoptera: Ichneumonidae). Of 17 larval collections that were monitored for parasitoid emergence, nine of the collections, or 53%, produced adults of the aforementioned parasitoid species. In total, 39 parasitoids emerged from 264 larvae of E. utilis. Larval parasitism was 14.8 Ϯ 3.8%. There was no evidence of pupal parasitism of E. utilis in this study. (Fig. 1) . Peak moth production occurred during the Þfth and sixth generations when a maximum of 1,020 and 979 adults, respectively, was produced. A steady decline in adult production observed thereafter was due to the necessity to reduce the overall size of the colony during the winter, which coincided with the annual cessation of new foliage production in Brazilian peppertree plants. The sex ratio for the adults produced in the laboratory was 1.2:1 (1,893 females: 1,558 males). The slight female bias that was observed suggests that this rearing procedure was sustaining optimal reproduction. All of the adults that emerged during this study were used in biological or host range experiments, set up on new plants to maintain the colony, or preserved as voucher specimens.
Laboratory Colony Production. From an initial cohort of 197 moths, 3,451 adults of E. utilis emerged in the laboratory between August 2001 and March 2003
Biology of E. utilis. Adult. Adults are small and grayish brown with distinctive markings on the forewings (Zimmerman 1978) . Sexes can be readily separated without magniÞcation by examining the wing pattern. In males, there is a saddle-shaped pale area along the hind margin of the forewing that is absent in the females (Fig. 2D and E) . When at rest, the adults are cryptically colored, resembling either tree bark or bird droppings. In the laboratory, adults typically exhibited minimal ßight activity by darting quickly and then suddenly stopping and remaining still. Under Þeld conditions, this type of ßight activity perhaps enables the insect to avoid predation. During this study, only two pairs were observed in copula despite almost daily monitoring of the laboratory colony over an 18-mo period, which suggests a crepuscular or nocturnal mating behavior.
The average wingspan for the adults measured in this study was Ͻ14 mm reported by Yoshioka and Markin (1991) . Females were larger than males, with the wingspan for females averaging 13.5 Ϯ 0.30 mm (n ϭ 10) compared with only 12.2 Ϯ 0.29 mm for males (n ϭ 15). Average life span for the female adult was 5.3 Ϯ 0.9 d (n ϭ 13), whereas males lived for 7.5 Ϯ 1.1 d (n ϭ 27) ( Table 2) .
Oviposition and Embryogenesis. Ovipositing females (n ϭ 13) laid an average of 34.0 Ϯ 5.1 eggs (maximum 172). Females usually deposited single eggs but occasionally laid groups of up to six eggs on the upper and lower surfaces of Brazilian peppertree leaßets. The eggs, which are glued to the leaßet, are compressed, ovoid, and light green with a smooth chorion when Þrst deposited but darken during embryogenesis ( Fig. 2A) . The eggs were difÞcult to identify at Þrst because they seemed to be the same color as the leaßet substrate. The thin, scale-like shape and transparency of freshly deposited eggs probably afford them some protection from predation and possibly parasitism.
The dimensions of the eggs were 0.86 Ϯ 0.01 mm in length, 0.58 Ϯ 0.01 mm in width, and Ϸ0.1 mm in height (n ϭ 100). The mean incubation period was 5.9 Ϯ 0.1 d, and the average percentage of survival, or hatching rate, was 85.3% (Table 2) . Two days before eclosion, the larvae visibly moved inside the eggs before chewing their way through the chorion.
Larva. Larvae of E. utilis (Fig. 2B ) ranged from 1.5 mm in length for neonates measured in this study to 15 mm as reported by Zimmerman (1978) . They are tan to pale green but often turn red just before pupation. The larval stage has Þve instars, although a sixth instar was observed in Ϸ10% of the laboratoryreared larvae (Table 2 ). The occurrence of a sixth instar apparently is not a sex-linked trait (four males, one female) and probably was an artifact of the laboratory rearing procedure used to monitor development. The size of the head capsule width was essentially the same for both Þfth and sixth instars, and the proportion of larvae undergoing a supernumerary molt was only 4.1%, or Þve of 122 larvae followed through to pupation ( Table 2 ). The average durations of the Þrst, second, third, fourth, Þfth, and sixth stadia were 3.7 Ϯ 0.1, 3.5 Ϯ 0.1, 4.1 Ϯ 0.2, 5.0 Ϯ 0.2, 7.4 Ϯ 0.3, and 8.3 Ϯ 0.5 d, respectively (Table 2 ). The cumulative total duration for the larval stage with Þve or six instars was 23.7 and 32.0 d, respectively, and the average larval mortality rate was 41.0%. The peak larval head capsule width for instars 1, 2, 3, 4, and 5 was 0.24, 0.36. 0.54, 0.78, and 1.06 mm, respectively (Fig. 3) .
Feeding habits of the larvae varied depending upon their age. Early instars are leaf tiers and normally feed between young and expanding leaßets that have been tied together with silk. The Þrst to third instars typically web together two or more adjacent leaßets ßat against each other. Older larvae bind single leaßets into the characteristic cylindrical roll that is usually associated with E. utilis in nature. Foraging leaßet rolls averaged 35.0 Ϯ 3.1 mm in length by 7.6 Ϯ 0.9 mm in width (n ϭ 12). The larva feeds on the inside surface of the leaßet, which affords some protection to the developing larva. When the leaßet dies, the larva exits the shelter to search for new leaßets upon which to feed. In the laboratory, larvae also readily fed on unrolled leaßets, and occasionally burrowed into soft stems to feed when they ran out of leaßets. Near the end of the larval stage, the Þnal instar (usually Þfth but occasionally sixth), constructs a much tighter leaßet roll for pupation than those typically produced by actively foraging larvae. The pupation leaßet roll was smaller, averaging only 13.8 Ϯ 0.5 mm in length by 4.9 Ϯ 0.2 mm in width (n ϭ 17).
Pupa. Pupae are brown with the head, appendages, and wings darker than the abdomen (Fig. 2C) . The duration of the pupal stage averaged 12 Ϯ 0.1 d (Table 2) . Pupal sizes were similar for both sexes; male pupae averaged 7.9 Ϯ 0.1 mm in length (n ϭ 31) compared with 8.0 Ϯ 0.1 mm for females (n ϭ 19). In this study, both male and female pupae were larger than the 6.5Ð7.0 mm reported by Zimmerman (1978) , although his pupal illustration was based on a single female that measured 12 mm. Sexes were separated by examining the condition of the posterior margin of the fourth abdominal sternite, which is straight and deep in male tortricids versus pointed and shallow in females (VanderGeest and Evenhuis 1991). To the unaided eye, this condition gives the appearance of four abdominal segments in female pupae of E. utilis compared with Þve in males.
Generation Time and Rate of Increase. Age-speciÞc survival and fecundity curves are shown in Fig. 4 . The cumulative average life span of E. utilis was 48.4 d ( Table 2 ). The cumulative mean age of females at the beginning of the adult stage was 41.6 d, and the average cohort generation time (T c , or mean age of females in each cohort at the birth of female offspring) was estimated to be 43.6 d. Maximum daily egg production occurred 2 d after pupal eclosion. The cumulative net replacement rate (R o , or number of times the population would increase per generation) based on an initial cohort of 1000 eggs was calculated to be 2,149, and the capacity of increase (r c ) was computed to be 0.171. Thus, in an environment free of natural mortality factors, a population of E. utilis would increase by 1.17 times per day, and a doubling of the population would occur every 4.4 d.
Biological Control Potential. As they develop, the larvae of E. utilis consume the individual leaßets that form the compound leaves of Brazilian peppertree. A cohort of Ϸ35 larvae was capable of completely defoliating a 0.5-m-tall Brazilian peppertree potted plant in Ͻ3 wk and had to be transferred to a new plant in order for larvae to complete their development.
In Hawaii, E. utilis is widely distributed on Brazilian peppertree, but the insect apparently is not sufÞ-ciently abundant to severely damage the plant (Goeden 1978 , Yoshioka and Markin 1991 , Julien and GrifÞths 1998 , Cuda et al. 2002 . The ineffectiveness of E. utilis as a biological control agent in the Hawaiian Islands may be due in part to natural mortality factors unique to that environment. For example, two wasps that were introduced into Hawaii for classical biological control of leafrollers of agricultural importance were discovered attacking E. utilis soon after it was released against Brazilian peppertree.
Predation on the larvae and pupae of E. utilis by Pachodynerus nasidens (Latreille) (Hymenoptera: Eumenidae) was Þrst documented by Davis (1959) . Females capture their prey by using their mandibles to cut into the leaf mines or tied leaves. Pachodynerus nasidens is native to the Antilles and Latin America (Bequaert 1948, Jayasingh and Taffe 1982, Yamane et a Instar 6 not included in calculation of total larval stadium because it was determined to be abnormal for the species. . 1996) and is considered adventive in North America (i.e., Arizona, Texas, and Florida) and the central and western PaciÞc Islands (Carpenter 1986 , Yamane et al. 1996 . The earliest record of P. nasidens in Hawaii is 1911 (Yamene et al. 1996 , which suggests it probably was introduced into Hawaii during the early 1900s to control native leafrollers of the genus Hedylepta (ϭOmiodes) Meyrick (Lepidoptera: Pyralidae) that were serious pests of sugarcane and coconut palms (Swezey 1907) . In Jamaica, this solitary wasp is known to attack leaf-mining and leaf-rolling caterpillars associated mainly with woody shrubs, including various pyralids, olethreutids, alucitids, and thyridids (Jayasingh and Taffe 1982). Krauss (1963) later reported the parasitoid Bracon omiodivorum (Terry) (Hymenoptera: Braconidae) attacking the larvae of E. utilis within a few years after the leafroller was released on the Island of Hawaii. According to Swezey (1907) , B. omiodivorum probably was introduced into Hawaii from Japan by Albert Koebele at the same time he introduced the pupal parasitoid Chalcis obscurata Walker (Hymenoptera: Chalcididae) for classical biological control of the sugarcane leafroller, Hedylepta (ϭOmiodes) accepta (Butler). By attacking pupae of leafrollers in Þve different genera, C. obscurata spread rapidly throughout the Hawaiian Islands, and although parasitism of E. utilis has not been conÞrmed high pupal parasitism rates often are associated with this introduced chalcid (Swezey 1907) .
Despite the absence of parasitoids in a sample of Ͼ100 larvae of E. utilis collected as recently as 1988 from several locations on the Island of Hawaii (Yoshioka and Markin 1991) , this island was surveyed only for evidence of larval parasitism. Follow-up surveys for other parasitoids (egg or pupal) and predators of E. utilis apparently have not been conducted on the Island of Hawaii or the islands of Molokai, Oahu, Maui, or Kauai where establishment of the leafroller also was conÞrmed (Yoshioka and Markin 1991) .
Evidence of biotic mortality in Hawaiian populations of E. utilis from introduced natural enemies of agricultural pests (Davis 1959 , Krauss 1963 ) is consistent with recent studies documenting the negative ecological effects of certain biological control agents introduced into Hawaii (Howarth 2000 , Follett et al. 2000 , Duan and Messing 2000 . Consequently, offtarget parasitism and predation by nonspeciÞc introduced natural enemies of Hawaiian leafroller pests cannot be ruled out as factors contributing to the decline of E. utilis in Hawaii. By exploiting E. utilis as a novel host, these "new associates" may have prevented this beneÞcial leafroller from achieving its full reproductive potential. This would account for the failure of E. utilis to cause more widespread damage to Brazilian peppertree in the Hawaiian Islands. Furthermore, parasitism and predation of plant feeding insects imported for classical biological control have been implicated in other weed biological control failures worldwide (Goeden and Louda 1976 , Wehling and Piper 1988 , Olckers 1995 .
Although satisfactory biological control of Brazilian peppertree by E. utilis was not achieved in the Hawaiian Islands, this failure should not preclude the introduction of the insect into Florida where Brazilian peppertree also is considered an invasive weed. According to the Goeden (1983) revision of the Harris scoring system for selecting phytophagous insects as biological weed control agents, most insects imported for weed biological control projects worldwide should score between 20 and 50 points to be considered at least partially effective. When E. utilis was quantita- Population growth curve data were generated from three replicate age-speciÞc life and fecundity tables (n ϭ 13 females). Average effective cohort size was n ϭ 48. The smaller of the two fecundity curves (shown at right) was based on an adult oviposition experiment (n ϭ 5 females) that was separate from the age-speciÞc life table study.
tively evaluated for its biological control potential by using this objective scoring system, it received a total score of 45 points (Table 3) . This high score suggests that E. utilis is capable of contributing to the biological control of Brazilian peppertree in Florida if it were part of a complex of several introduced agents attacking different parts of the plant.
E. utilis could be a more effective biological control agent of Brazilian peppertree in Florida because it would be introduced into a new environment where the ecological conditions may be more favorable to the insect. Biotic mortality from introduced and native parasitoids and predators may be less severe in Florida compared with Hawaii, even though P. nasidens, one of the natural enemies of E. utilis in Hawaii, has been reported from Florida (Carpenter 1986) . Of the nine Episimus spp. established in Florida (Heppner 1994) , only one species, Episimus argutanus (Clemens), is reported to be attacked by a diverse dipteran and hymenopteran parasitoid complex (Schaffner 1959) . However, these parasitoids were recovered only from populations of E. argutanus surveyed in the northeastern United States, and their geographical distributions may not include Florida. What role parasitism may play in limiting the effectiveness of E. utilis as a biological control agent of Brazilian peppertree in Florida should be assessed before its release in the continental United States. Parasitoid exclusion experiments conducted in Hawaii or southeastern Brazil may provide some insight into the failure of E. utilis as a biological control agent of Brazilian peppertree in the Hawaiian archipelago.
